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Conservation of biodiversity and ecosystem services (ES) is one of the greatest challenges of 
our times. The ultimate role of area-based conservation science and Systematic Conservation 
Planning is to inform on-the-ground spatial planning and decision-making. Computational 
methods and geographical data resources play an important role in spatial conservation 
prioritization, which is a frequently used analysis for identifying important areas for 
biodiversity, assessing present protected area networks, or designing future allocations for 
network expansions. Spatial data based on remote sensing, species distribution modelling, and 
citizen science have become available, allowing complex spatial analysis with large high-
resolution data sets.   
Spatial conservation prioritization has introduced several concepts for identifying “the best 
possible” protected area network. Similarly, protected areas have been an integral part of 
international conventions, such as the United Nations Convention on Biological Diversity, 
which has set a quantitative objective for increasing the global protected area coverage to 17 
per cent worldwide. Area-based conservation goals are often included in regional biodiversity 
conservation agendas, such as in the European Union’s (EU) biodiversity strategy to 2020. 
While policies have increasingly adopted the ES approach for conservation, it is poorly 
understood how identification of “ES priority areas” should be integrated into spatial 
conservation planning. 
In this thesis, my objective is to dissect the concepts and principles guiding spatial conservation 
prioritization for biodiversity and ES. I introduce novel methodological solutions in the 
Zonation software for integrating ES into spatial prioritization. My results show that clarifying 
the underlying concepts can aid spatial conservation planning. This is crucial especially 
regarding ES and their successful operationalization in spatial prioritization. Prioritization 
should always consider demand and connectivity requirements of individual ES. Otherwise, 
assessments effectively identifying ES priority areas do not necessarily provide timely policy-
relevant information.  
This work also provides insights on how spatial conservation prioritization, with Zonation 
applied on modeled high-resolution vertebrate species distribution data, can be used to 
successfully inform continent-wide conservation policies. The EU-wide Natura 2000 network 
of protected areas covers moderately well the distributions of a representative group of 
vertebrate species. Nevertheless, there is a potential efficiency to be gained from additional 
coordinated conservation planning and future protected area site revisions or additions. While 
prioritization techniques with explicit spatial data are effective in identifying spatial priorities 
at the continental scale, conservation efficiency should be considered as part of a wider socio-
ecological system. Ultimately, while ES bring spatial conservation planning closer to general 
land use planning, this work highlights the importance of considering complementary 
conservation mechanisms and finding more integrative approaches for sustainable land use 
planning. 
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 TIIVISTELMÄ 
Luonnon monimuotoisuuden ja ekosysteemipalveluiden suojelu on yksi aikamme suurimpia 
haasteita. Systemaattinen suojelusuunnittelu kehittyi omaksi tieteenalaksi ennen 
vuosituhannen vaihdetta ja esitteli erillisen paikkatietoa ja laskennallisia menetelmiä 
hyödyntävän analyysin, spatiaalisen suojelupriorisoinnin. Sen tavoitteena oli alun perin 
tunnistaa kustannustehokkaasti luontoarvoiltaan monipuolisia ja luonnonsuojeluun sopivia 
alueita. Luonnonsuojelualueet ovat herättäneet paljon keskustelua myös politiikassa. 
Esimerkiksi Yhdistyneiden kansakuntien luonnon monimuotoisuutta koskevassa 
yleissopimuksessa on tavoitteena suojella 17 prosenttia maapallon pinta-alasta. Muita pinta-
alaan perustuvia suojelutavoitteita on sisällytetty myös alueellisiin luonnonsuojeluohjelmiin, 
kuten esimerkiksi Euroopan Unionin (EU) biodiversiteettistrategiaan. Viime aikoina 
luonnonsuojelupolitiikka on myös alkanut huomioida ekosysteemipalveluja. Sen sijaan ei ole 
vielä selvää, miten ekosysteemipalveluille voidaan tunnistaa niiden suojelukäyttöön sopivia 
alueita. 
Väitöskirjatutkimukseni pyrkii keskustelemaan, mitkä spatiaalisen suojelupriorisoinnin 
käsitteet ja menetelmät nousevat keskeisiksi kun tunnistetaan luontoarvoiltaan ja 
ekosysteemipalveluiltaan arvokkaita alueita. Väitöskirjani arvioi EU:n 
biodiversiteettistrategian tärkeintä spatiaalista suojelutyökalua, Natura 2000-
luonnonsuojelualueverkostoa, käyttämällä menetelmänä spatiaalista priorisointia ja erityisesti 
Zonation suojelu- ja maankäytön suunnitteluohjelmaa.  
Tulokseni osoittavat, että suojelusuunnittelun käsitteiden syvällinen ymmärtäminen ja 
selventäminen voi edistää sekä priorisointimenetelmien kehittymistä että käytännön 
suunnittelua. Käsitteiden selkeys on erityisen tärkeää tulosten välittämisessä eri sidosryhmille, 
mutta erityisesti ekosysteemipalveluiden integroimisessa osaksi suojelusuunnittelua. 
Ekosysteemipalvelut voidaan sisällyttää yksittäisinä piirrekerroksina suojelupriorisointeihin 
laji- ja habitaattitietojen rinnalle. Niiden erilaiset spatiaaliset kytkeytyvyysvaatimukset ja 
todellinen kysyntä olisi kuitenkin huomioitava, jotta priorisoinnit tuottaisivat politiikan ja 
suunnittelun kannalta mahdollisimman käyttökelpoisia tuloksia.  
Väitöskirjani tapaustutkimukset osoittavat, että spatiaalinen suojelupriorisointi menetelmänä, 
yhdessä eri lähteistä peräisin olevien korkealaatuisten paikkatietoaineistojen kanssa, onnistuu 
tarjoamaan käyttökelpoista tietoa EU-laajuiseen luonnonsuojelusuunnitteluun ja -politiikkaan. 
Nykyinen EU-laajuinen Natura 2000-verkosto onnistuu suhteellisen hyvin suojelemaan 
edustavan määrän selkärankaisia lajeja. Suojelupriorisoinnin avulla voidaan tehokkaasti 
tunnistaa potentiaalisia alueita luonnonsuojelualueverkoston laajentamiseen. Myös 
yhteistoiminnallisella rajoja ylittävällä suojelusuunnittelulla pystytään lisäämään suojelun 
tehokkuutta. Toisaalta luonnonsuojelualueet ja niiden kustannustehokkuus tulisi ymmärtää 
osana laajempaa sosio-ekologista järjestelmää. Väitöskirjatyöni antaa esimerkkejä siitä, kuinka 
ekosysteemipalvelut tuovat spatiaalisen suojelusuunnittelun lähemmäs yleistä maankäytön 
suunnittelua. Suojelusuunnittelu tieteenalana hyötyisi todennäköisesti integroivista, ekologisen 
ja sosiaalisen kestävyyden huomioivista näkökulmista. 
Asiasanat: ekosysteemipalvelut, Euroopan Unioni, GIS, kytkeytyvyys, luonnon 
monimuotoisuus, luonnonsuojelualueet, luonnonsuojelusuunnittelu, Natura 2000-verkosto, 
paikkatieto, selkärankaiset, spatiaalinen optimointi, systemaattinen suojelusuunnittelu, 
Zonation 
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1.1 AIMS OF THE THESIS 
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2. CONCEPTUAL FRAMEWORK
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???????????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????????????????





2.1 SCIENTIFIC AND METHODOLOGICAL FRAMEWORK
2.1.1 SPATIAL CONSERVATION PRIORITIZATION AS A TOOL 
SAFEGUARDING BIODIVERSITY AND ECOSYSTEM SERVICES 
2.1.1.1 Area-based conservation science and multiple ways of setting priorities 
???????? ????????????????????????????????????????????????????????????????????????????????????????



































































Figure 1. Positioning the thesis within different research and policy frameworks.
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2.1.1.2 Spatial conservation prioritization and the problem of 
identifying an optimal protected area network 
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BOX 1. Systematic conservation planning framework and 
spatial conservation prioritization: the process view
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2.1.1.4 Spatial conservation prioritization as spatially explicit exercise
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2.2 POLICY FRAMEWORK
2.2.1 THE EUROPEAN UNION’S POLICY SAFEGUARDING 
EUROPEAN BIODIVERSITY AND ECOSYSTEM SERVICES 
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?????? ?????? ????? ??????????? ?????? ??? ?? ?????????????????????????????????? ????????????? ????????














2.2.1.1 Area-based conservation in continental policy and legislation: the Nature 
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BOX 2: The European Union’s biodiversity strategy to 2020: 
an overview of area-based conservation targets 
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????????????????????????????????????????????????????????????????????????????????
2.2.1.3 Extensively studied, moderately known: previous research assessing the Natura 2000 network
?????????????????????????????????????????????????????????????????????????????????????????????

































??? ????????? ??????????????????????????? ??????????????????????????????? ??? ??????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????





































????????????????????????? ????????????????????????????????????????? ????????????????? ??????????????
????????????????????????????????????????????????????????????????????????????????????????????????????


































Figure 2. The European Union and the 28 Member States.
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Species distribution data 
The vertebrate species data used as input for 
spatial prioritization were species-specific 
expert-based distribution models over the 
Western Palearctic. Known ecological habitat 
requirements were used to refine species 
distributions via an expert-based modelling 
approach. Each pixel was classified as suitable 
habitat (1) or not (0). 
 
1.5 km x 1.5 
km 
Maiorano et al. 2013 
Further details about 
the data can be found 







- The Birds directive species 
- The Habitats directive species (Annex II 
species and Annex IV species) 
- All Directive species 
- Species categorized according to IUCN status 
 
 Species lists were 
derived from EIONET 
code lists. 
EIONET, 2014a; 2014b 
 
IUCN, 2014; 2015 
 
Ecosystem services data 
We used four regulating and one cultural ES for 
both provision (capacity) and demand maps for 








1 km x 1 km Further details about 
the data can be found 
in Chapter V. 
 
Maes et al. 2015b 
Schulp et al. 2008 
Stürck et al. 2014 
Schulp et al. 2014 
Based on land cover 
scores in combination 
with multiple additional 
variables. 
V 
Protected areas and networks 
The Natura 2000 network and its subsets: 
- Terrestrial Special Protection Areas (SPAs) 
- Terrestrial Sites of Community Interest/ 
Importance (SCIs) 
- All terrestrial Natura 2000 sites 
 






Important Bird and Biodiversity Areas 
(European IBAs) 






European wide map of the 11 biogeographical 
regions independent of political boundaries, 
extracted to the EU extent (resulting in 9 
biogeographical regions) 
1.5 km x 1.5 
km 
EEA, 2014a III 
Administrative regions 
EU Member states: ArcGIS country polygons 
 






Exclusive Economic Zones (EEZ) (country 
polygons were refined by EEZs) 
 








NUTS areas according to the NUTS 
classification (Nomenclature of territorial units 
for statistics is a hierarchical system for dividing 
up the economic territory of the EU). 




Table 1. List of datasets used in this thesis and in which individual chapter they were used.
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?? ???????????? ???? ????????? ?????????????? ??????? ??? ???? ?????????????????? ?????????? ???? ???
??????????????????????????? ??????????????????????????????????????? ??????????? ??????????????????????
??????????? ??????????????????????????????????????????????????????????? ?????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????????????





3.2.3 Ecosystem services data










3.2.4 Other spatial data and pre-processing
???????????? ???? ???????? ????? ??????? ????? ??? ??????? ???????? ????????? ??????????????? ????? ????????
????????????? ??????????????????????????????????????????????????????????? ????? ?????? ???????? ????
??????????? ?????????????????????????????????????????????????????? ?????????????????? ?????? ?????
?????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????? ???????? ?????????????????????????? ?????????????
?????????????????????????????? ??????????????????????????????????????????????????? ?????????????
??????????? ???? ????????????????????????????????? ?????????????? ????????????? ???????????????????
????????????? ????????????
????????????????????????????????????????????????????????????????????????? ?????????????????????????
????????????????????????????????????????????????? ???????? ???? ???????????????????????????????????????
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????????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????? ??????????? ????? ?????????????????????????????????? ??????????????????????
????????? ?????????????????????????????????????????????????????? ????????? ?????????????????????????
3.3 SPATIAL ANALYSES 
3.3.1 Spatial conservation prioritizations using Zonation
???????????? ????? ??????????? ??????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????????????
???????????? ????????????????????? ????????????????????????????????????????? ?????? ?????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????? ??????????????????????????????? ????????????????? ???
?????????????????? ????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????
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????? ????????????????? ?????????????????????????????????????????????????????? ????????????????????
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????????????????????????????????????????????????????????????????????????????????????? ????????
???????????????????????????????????
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????????????????????????????????????????????? ???????????????????????????????????????? ?????
?????????? ?????????????? ????????????? ?????? ???????????????? ????????????????????????????????? ?????????
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??????????????? ???????? ????????????????????????????????? ????????????? ???????????????????????????
??????????????????????????????????????????????????????????????????????????
3.4 INTERPRETATION OF THE RESULTS
3.4.1 Examining and visualizing spatial priority patterns 
????????? ?????????????????????????????????????????????????????????????????????????????????????????










???????????????????????????????? ?????????? ????????????????????????????????????? ???????? ??????
???????? ?????????????????????????????????????? ??????????? ????????????? ???????????????? ???????
???????????????????????????????????????????????????????????????????????????????????????????????????





























??????????? ??? ?????? ???? ??????? ???????? ??????????????????????????????????????????????????










































the left panel), representing the ranking of the landscape in terms of conservation priority (pixel values from 0.0 
to 1.0). Pixels have been zoned to colors based on the priority rank, with highest priorities shown in red. The 
panel in the middle shows the top 17% priority areas extracted based on the priority ranking in the left panel. 
Performance curves are plotted (in the right panel) for three species (a, b, c) and they report the proportion of 
species’ ranges at different stages of the landscape ranking. For example, when 17% of land is under protection, 
species b retains 50% of its habitat.
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4. RESULTS AND DISCUSSION
?????? ???????????? ????????? ? ???????? ???????? ??? ????? ??????????????????????????????????? ??? ????
????????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????
4.1 UNDERSTANDING THE CONCEPTUAL BACKGROUND OF KEY 
CONCEPTS AND PRINCIPLES CAN AID CONSERVATION PLANNING 
???? ??????????? ????????? ?? ??????? ??? ????????? ???? ???????????? ????? ??? ???????????????? ????
????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????? ????????????????????????????????????????
???????????? ????? ???????? ???????? ???????? ????? ????????????????? ????????? ?????? ???? ????????
??? ??????????????? ????????? ?????????????????????????????????????????????????????? ????????????????





?????????????????? ????? ??????????????? ????????????????????? ??????????????? ?????? ????? ??????? ?????
???????????????????? ?????????????????
?????????????????????????????????? ?????????????????????????? ??????????????????????? ???????????????
??????????????????????????????????????????????????????????????????????????? ???????????????????????
??????????????????????????????????????????? ??????????????????? ???????????????????????????????
?????????? ????????????? ?????? ???? ???????????? ?????????? ?????? ???? ??????? ??? ???????? ???????????
?????????????????????????????????????????????????? ???? ?????????????????????????????????????????????
???????????????????? ????????????? ????? ?? ????????????? ???????????????????????????? ?????????????????
???????????????? ???????????? ?????????????????????????????? ???? ??????????????????????????????????









?????????????????????????????????????????????????????? ?? ????????? ????????????????????? ???????????????
???????????????????????????????????????????????????? ????????????????????????????????????????????????
????????????????????????????????????????????????????????????












???????????????? ????????????????????????? ?????????? ??? ??????????? ????? ????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????? ?????????????????????????????????????
????????????? ?????????? ???? ??????????????? ????????? ?? ????????????????? ?????????? ??? ???????
?????????????????????????????????????????????????????????????????????????????????????????? ????
?????????????????????????? ????? ??????????????????????? ??? ??????????????????????????????????????
Property of the objective: a comprehensive site, or set of sites, cover the 
full spectrum of biodiversity. 
Property of a solution: the degree to which a protected area network 
satisfies the requirements of comprehensiveness and adequacy.
The occurrence level of features in a specific area. Representation can be
measured in terms of abundance, density, probability of occurrence or
habitat coverage.
Generalized complementarity: how conservation areas and actions in them 
work synergistically together (in order to achieve objectives of 
comprehensiveness and adequacy). (Old definition in SCP literature: ??
????????????????????????? ???????????????????????????????????????????
?????????????????????????????????????????????????????????? (Margules and 
Pressey, 2000)).
Presence or intensity of the specific threat in an area. (Threat needs to be 
linked with representation in order to have operational relevance.)
Sensitivity of feature to specific threat. (Vulnerability needs to be linked 
with representation in order to have operational relevance.)
Most commonly cost-efficiency, aggregate conservation benefits achieved 
for a cost. (A quantity that should be measurable from a solution.)
How reliably does a conservation area network achieve conservation 
objectives. Effectiveness does NOT imply cost-efficiency - very expensive 
solution can be effective.
Operational measure for the importance of a specific area for the efficient 
achievement of conservation objectives. (A measure of site or set of 
sites.)
Operational measure for the importance of a specific area. A measure of 
the cost by which we can forcibly exclude a group of sites from 
conservation or include a group of sites into a protected area network.
Availability of alternative solutions to the targeting of conservation 
action.
Property of the objective: high enough targets should be given to features 
to ensure favorable conservation outcome. (On the other hand, adequacy 











































4.2 ECOSYSTEM SERVICES CAN BE INTEGRATED INTO 
??????????????????????????????????????????????????????
REQUIREMENTS OF INDIVIDUAL ECOSYSTEM SERVICES 









???????? ??? ??????????????????? ?????????????????????????? ??????????????????????? ?????? ?????
???????????????????????????????????????????????????????? ?????? ???????????????? ????????????????????????
????????????????????????????????????????????????????????????????????????????? ??????????????????
??????????????????? ????????????????????????? ????? ?????????????????????????????????????????????
?????????? ??????????????????????? ??????????? ?????????????????????? ??????????????? ??????????? ???????
??????????? ??????????? ???????? ???????????????????????????????? ??? ??? ???????? ????????????????????
???????????????????? ????????????????? ???? ??????????????????????? ????????????????????????????????
?????????????? ??????????????????????????????
??????????????????????????? ???????????? ????????????? ???????????????????????????? ????????????
?????????????????????????????? ???????????????????????????????????????????????????????????????????????
???????????????? ??? ????????????????????????????????????????????????????????????????????????? ???????
???????????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????? ????????????????????????????? ????????????????????? ?????? ????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????





??????????????????????????????????????? ??????? ???????????????????????? ???????????????????????????
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Maintenance of ecosystem 
processes may imply 
minimum area size for 
successful ES provision;  
e.g. hunting, fishing.   
 
Also logistical 
considerations may favor 
larger areas: e.g., cultivated 
crops. 
 
e.g. ground water, whole 
ground water area requires 
maintenance 
Maintenance of viable 
(ecological) networks 
needed for provisioning 





e.g. anything depending 






beneficiaries: low to 
high requirements. 
 







e.g. wild food, often 
utilized in-situ, flow 
only at short 
distances 
Considerations of 















e.g. carbon sequestration, 
low local area requirements 
 
e.g. pollination, can be 
provided by smallish but 
high quality areas 
 
e.g. flood regulation, large 






needed via sufficiently 
dense networks of 
populations 
 
e.g. flood regulation, 
maintenance of 









e.g. air quality 




e.g. pollination, high 
localized flow 
requirement 
Largely same as 
above.   
 
e.g. air quality 
regulation:  
service desirable for 
all people 
 
e.g. flood regulation, 
service desirable for 










e.g. sense of place, no 
specific area requirement 
 
e.g. green areas for 




e.g. sense of place: 
networks not needed 
necessarily  
 
e.g. outdoor recreation: 
connected network of 
green areas may be 
preferable  
Requirement for 
flow is high: cultural 
services needed 




accessibility of local 
recreational areas 
High requirement for 
distributed supply 
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Figure 5. Schematic illustration of the process of SCP in Zonation software, involving both biodiversity and 
ecosystem services. Adapted from Chapter II.
????????????????????? ??????????????????????????????????????????????????????????????????????????????
?????????????????? ?????????????????????????????????????????? ????????????????? ????? ???????????
???????????????????????????????????????????????????????????????????????????????????????????????????
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4.3 THE NATURA 2000 NETWORK IN VERTEBRATE 
SPECIES CONSERVATION: MODERATELY SUCCESSFUL 




















??????????????? ??????? ?????? ??????????????? ??????????????????????? ?????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????????????

































Figure 6. Spatial priorities for all vertebrate directive species presented for each hypothetical administrative 
planning scenario with the same color scale. Here, areas have been zoned to graded colors based on their priority 
????????????????????????????????????????????????????????????????????????????????????????????????????????????????
prioritization scenarios and they report the mean proportion of vertebrate directive species’ ranges at different 
stages of the landscape ranking. For example, when 18.3% of land is under protection in the N2k scenario, on 
average 34% of species ranges are covered, while the EU-wide scenario can on average cover 60% of species 
??????????????????????????????????????????????????????????????????????
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????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????
?????????????? ??????????? ????????????? ???????????????? ??????????? ??????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????
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??????????????????????????????????????????????????????????????????????????????????????????????????
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4.4 COORDINATED IDENTIFICATION OF SPATIAL PRIORITIES RESULTS 
??????????????????????????????????????????????????????
EFFICIENCY IS ALSO MORE THAN JUST AN ECOLOGICAL MEASURE
????????????????????????????????????????????????????????????????????? ???????????????????????????
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4.5 TWO NETWORKS DESIGNED FOR BIRDS BENEFIT ALSO 
THE CONSERVATION OF OTHER VERTEBRATE SPECIES 
????????????? ???????????? ?????????????????? ???????????? ???????? ???????????????? ???????????????????
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4.6 SPATIAL CONSERVATION PRIORITIZATION CAN EFFECTIVELY INFORM 
PROTECTED AREA NETWORK EXPANSION OR SITE REVISIONS 
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4.7 PRIORITY AREAS FOR ECOSYSTEM SERVICES CAN BE IDENTIFIED 
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FOR DEMAND IS CRUCIAL FOR MAKING RESULTS POLICY-RELEVANT
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5. CONCLUDING REMARKS
5.1 SPATIAL CONSERVATION PRIORITIZATION TOGETHER 
WITH EXPLICIT SPATIAL DATA CAN PROVIDE INPUT FOR 
CONTINENT-WIDE CONSERVATION POLICIES 
???????????????????????????????????????????????????????????????????????????????????????????????????????????
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5.2 SUSTAINABLE LAND USE PLANNING NEEDS 












??????????????? ??? ?????????????????????????????????????????????????????? ?????? ??? ????????????????
??????????????????????????????????????????????????????????????????????????? ?????????????????????
???????? ??????????????? ????????? ??????? ??????????? ?????????????? ???????????????????????? ?????
??????????????????????????????????????????????????????????????????????????????????? ?????????????
??????? ????????????????????????????????????????????????????????????????????????????????????????????????







???? ??????????????? ??? ????????? ???????? ????????????????? ???????????????????? ?????????????????
????????????????? ???????????????????????
?????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????? ????????????????????? ??????????????????? ?????? ????????????????????
54















????????????????????????????????? ??? ????????????????????????????????????? ???????????????????????????
???????????????????????????





?????? ??????????????????????????? ????????????????????? ? ??? ??????????? ????????? ???????????????????????????
???????????????????????????????????????????????????????????????? ?????????????????????????????
?????????? ????? ?????????? ????? ?????????? ??? ??????? ? ??? ????????? ??? ??????????? ??? ???? ????? ???????
???????????????????????????????????????????????????????????????????????????????????????????? ???????????
????????????????????????????
?????? ??? ????????????????????????????? ?????????????????????????????????????????????????????????? ??????????????
???????????????????????
















???????????????????? ??????????????????????????? ????????????????????????????????????? ??? ???????????????????
???????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????






????????? ?? ??? ?????????? ?????? ?????? ???????? ?????????? ??????? ???? ??????????? ??? ????????? ????????? ??
????????????????????????????????????????????????????????



















???????????? ??? ??????? ???????????????????????????????????????????????????? ??????????????????? ?????????????
???????????????????????????????????????????????????????????????????????????????
??????????????? ????????????????????????????????? ?????????? ???????????????????????????????????????? ???
???????????? ????????????????????????????????????????? ??????????? ?????????????????????????????????????
???????????????????????????????? ?????????????????????? ??????????????????????????????????????????????????????
????????????????????????????????????????????
?????????? ??? ?????????????? ??????????????? ? ????? ???????????? ????????? ??????????????????? ????????????
?? ??? ????? ???? ??? ?????????? ??????? ????? ?????? ????????????????????????? ??????????? ??????? ???? ?????
?????????? ??? ?????? ??? ??????? ??? ?????????? ??? ????? ??????????? ????????????? ??????? ????????????????????
???????????????????????????????????????????????????????????????????
?????????????? ?????????? ??????????? ????????????????? ?????????????????????????????????????????????????????
????????????????????????????????
????????? ?? ???????????????? ?? ???????????????????? ???????????????????????????????????????????????????????
??????????????????????
???????????? ? ?????????????????????????????????????????????????????????? ???????????????????????????? ???
??????????????? ???????????????????????????????????????????????????????????????????????????????????????
???????????????????? ????????????????????????????????????
???????????? ? ???????????????????? ?????????? ????? ??????????? ?????????? ????????????????? ???? ???????????
?? ???????????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????
???????????? ? ????????????????????????????????????????????????????????? ???? ????? ????????? ????????????
???? ??? ???????? ??? ?????? ??? ???????????????????????? ?????? ??????????????????????????? ?????? ?????????
???????????????????????
???????? ????????????????????????????????????????????????????????? ?? ????????????????????????????
?????????????????????????????????????????????????????? ?????????????????????????????????????????????????? ???
??? ???????? ????????? ???????????????????????????????????????????? ????????????????????????????????????





??????????? ??? ???????????????????? ??? ??????? ????? ????? ?????????????? ?????????????????? ???????????????????????
????????????????????????????????????????????????????????????????????????
???????????????????????????????????? ?????????? ????????????????? ???????? ?????????????? ?????????????
?????????????????????????????????????????????????????????????????????
56
DEPARTMENT OF GEOSCIENCES AND GEOGRAPHY A49




???????? ? ?????????????? ???????????????? ???????????????????????????????????????????????????? ???????????
??????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????
???????? ? ????????? ??????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????? ?????????????????????? ???????????????????????????????????????????????????
?????????????????????????? ???????????????????????????????????? ????????????? ??????????????????? ????? ???????
???????????????????????????????????
?????????? ??????????????????????????? ???????????? ????????? ????????????????????????????????????????????????
?????????????????????????????????? ????????????????????????








?? ?????????????? ???????? ??? ??????? ??? ?????? ???????????? ?? ????????????????????? ?????????????????????
???????????????????????????????????????????????????????????????????????????????????????????




?????????? ? ????????? ?????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????







???????????? ????????????????????????????? ????????????????????????????????????????????? ??? ?????????????
???? ??????????? ??? ????????? ????????????????? ??????????????? ??????????? ?????????????????????????????
???????????????????????????
???????????????????????????????????? ?????????????????????????? ??????????????????????????? ??????????????
???????????????????????????????????????????????????????? ???????????????????????????????????????????
?????????????????????????????????????????????????????????????????????





??? ?????????? ????????? ???????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
??? ?????????? ????????? ??? ????????? ????????????????????????????????????????????? ??????????????????????????
????????????????????????????????
????????????????? ??????????? ??? ??????? ? ??? ????? ??????? ????????????? ?????????? ???????? ????? ??????????
????????????? ??? ????????????????????????????????????????????????????????????????????????????????????
????????????? ?????????????????????? ???????????????????? ????
???????????????????????????????????????? ????????????????? ?????????????? ??? ?????????????????????????????????
????????????????????????????????????? ??????????????????????????????????????????
?????????????????????????????????????????????????????????????????? ?????????????????????????????????????????????
???????????? ???????????????? ???????????? ??? ????????????????????????????????? ??????????? ?? ????? ???????
???????????????????????????????????????
57









?????????????????????????????????????????????? ???????????????????? ??? ????????????????????????? ????






?????????????????????????????????????????????? ???????????????????? ??? ????????????????????????? ????
????????????? ???????????????????????????????????????????????????????? ??????????????? ????????????????????
???? ??????????????????? ???????? ??????????????????? ????? ??????????????????????? ????????????????????
???????????????????????????????????????????????????
???? ??????? ????????? ???????????? ???????? ??????????????? ??? ??????????? ???? ?????? ?????????????
????????????????????????????????????????????????????? ?????????????????????????????????????????????????






???????????????????? ??????????? ??????????????????? ??????????????????????????????????????????????????????
??????????????????????????????????????? ?????????????? ????????????







???? ??????????????????????????????????? ??????????????????????????????? ?????????? ???????????????????
??????????????????? ?????????????????????????????????????????????????????????????????????????????????
??????????? ?????????????????????????
?????????????????????????????? ???????????????????? ??? ?????? ?????????? ???????? ??????????? ???????





???????????? ??????????????? ???????? ???????? ??????????? ??????? ????????????????????????????????????
?????????????????????????????????????????????????????????????????? ????????
????????????????????????????? ???????????????????????????????????????????????????????????????????? ?




?????? ? ??????????????? ????????????? ???????????????????? ????????? ???????????????????????????????????????????
????????????????????????????????????????????????????????? ????????????????? ???????????????????????????





DEPARTMENT OF GEOSCIENCES AND GEOGRAPHY A49







??????????? ??????? ? ??? ????????? ????? ?????? ???????????????? ??????? ????????????????? ????? ???????? ??????
??????????????????????????????????????????????????????????????????????????????????
??????????? ???????????????????? ??? ??????????????? ??????? ???????????? ???????????? ???????????? ???????????????
????????????????? ????????? ?????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????
?????? ????? ?????????????? ????????? ????? ????????????? ????? ?????????????? ????????? ????????? ?????????
???
???????????? ????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????? ?????????????????? ?????????????????????????? ?????????????????????????
????????????????????????????????????? ???????????
?????????? ??????? ????????? ????????? ????????? ????? ??????????????????? ????? ?????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
????????????????????????
??????? ??????????????????????????????? ??????? ???????????????????? ?????????????????????? ??????????????
?????????????????????????????????????????????????????????????????????????
????????? ?????????????? ????????????????????????????????????????? ???? ?????????????????????????????????














????????????????????? ? ??????????? ??????????????????????????????????????????????????????????????????????
???????????
???????? ????????????? ???????????? ????? ?????????? ????? ????? ??? ??????? ? ??? ?????????? ??? ??? ??????????
????????????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????
???????? ?????????????? ????? ????? ??? ?????????????? ???????????? ??? ????? ?????????????????? ???????? ?????????
?????????????? ??????????????????????????????????????????????????????????
???????????????????????????????? ?????????????? ????????????? ????????????????????????????????????????????????
???????????? ??????????????????????? ??????????????????????????????????? ?????????????????????????????
?? ??? ???????????????????????????????????????????????????????
??????????????????????????????????????????? ?????????????? ??????????????? ?????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????
?????????????? ????????????????? ?????????????? ???????????????????? ????????????????????? ??? ???????? ?????????????
??????????? ??? ??????????? ????????? ????? ???????? ????????????????????????????????? ????????????????
??????????????????????? ?????????????????????????????????????????????????????????????????










???????????????????????????????????????????????????????? ??????????????????????? ???????????? ???????
????????????







??????? ??? ???????? ??? ?????????? ??? ?????? ??? ???????? ??? ????? ????????????????????????????????? ????????????








???????????????????????????????? ????????????????????? ?????????????????????????? ???????????????????????????
?????????????????????????????????????????????????????????????????








????????????? ???????? ???????????? ??????????? ??????????? ????? ?????? ????????????????????????????
???????? ? ??? ???????????? ?????????? ????? ??????????? ??? ???????? ? ??? ????????? ????? ????????? ??? ??????
?????????????????????????????? ??????????? ????????????????????????????????????????????????? ???????????????
???????????????????????????????????????
???????????????????????????????????????? ???????????????????????????????? ???????????
??????? ????? ????????????????????? ?????????????? ???????? ?? ???????????? ??? ????????? ????????? ?????????
????????????????????????????????????????????????????????????
?????? ????? ???????? ??? ???? ?? ?????????? ???????? ????? ??????? ??????? ?????????????? ???????????????
????????????????????????????????








???????????????????????????????????????????????????????????? ?????????????????????????? ???? ?????????????
?? ? ??? ???????????? ??? ???????????????????????????????????????????????????????????????????????????????????
?????????????
????????? ????????? ??????????????????????????????????????????????????????????? ????????????????????????
??????????????? ??? ???????? ? ??? ???????? ??? ?????? ? ????? ?? ? ??? ? ??? ?????????? ??? ???????? ??? ??????






DEPARTMENT OF GEOSCIENCES AND GEOGRAPHY A49
?????? ???????????????????????????? ????????????????? ????????????????????????????????????????????? ???????????
?????????????????????????????????????????????????????????????????????????????????






???????? ??? ???????? ? ??? ??????? ??? ????? ??? ?? ???????????? ?????????? ??? ???????? ??? ??????? ??? ??????????
?????????? ??? ?? ???? ????? ????? ???????????? ?????????? ???????????????????????????????????????? ??????????
???????????????????????????
??????? ??? ??????? ??? ?????? ?????????????? ?????????? ?????????????????????? ????? ??????? ??????????????? ?????
????????????????????????????????????????????????????????????????????????????????????????????????????????
??????????? ????????????????????????
???????? ???????????????? ???????????? ????? ??????????????????????? ????????? ????????????????????????????
???????????????????????????????????? ??????????????????????????????????????????????????????????????
????????????????????????? ??????????????? ?????????????????????????????????? ? ????????????????????????
?????????????????????????????????????????
????????????????????????? ?????????????????? ????????????????????????????????????? ?????????????????
??????????????????????????????????????????????????????????????????????? ??????????????????????????????????
????????????
????????????????????????? ???????????? ?????????????????????????????????????????????????????????????????? ???????
?????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????????????




????????????????????????????????????? ???????????????? ?????? ?? ?????????????? ???????????????????????????








?????????????????????????????????????????????????????????????????????? ??????? ????????? ?????????????????????
??????????????????????????
?????????? ??? ????????? ??? ????? ??? ????????????????? ???????????? ???????????????????? ?????????? ?? ??????????
????????????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????? ????????????????????? ?????????? ????????? ?????????????????????????
???? ?????????????? ?????????????????????????????????????????????? ?????????????????????????
?????????????? ?????????? ????????? ??? ????????? ??????????????????????? ????????????????????????????????????
???????????????? ????????????????????????????????????????????????????????????????????????????????
???????????? ??? ??????? ??????????? ??? ????????????? ??????????? ?????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
???????? ? ??? ??????? ? ??? ??????? ? ??? ????? ?????????? ?????????????????? ???????????? ???????? ????????????????
???????? ????????????????????????????????













???????????????????????????????????????????????? ????????????????????????????????? ???? ???????????????????????
?????????????????????????????????????????????????? ???????????????????????????? ?????????????????????????
??????????????????????????????????







????????????? ??? ????????? ????????? ????????????????????????????????????????????????????????????????????
?????? ? ??? ??????? ????? ??????? ????? ?????????????? ??? ????????? ????? ?????? ????????? ??? ???????????????
???????????????? ??????????????????????? ???????????????????? ?????????????????????????????????????????
????????????????????????????????????????????
???????? ??????????????????????? ? ???????????????????????????????????????????????????????????????????????????
????????????????????????????????????????







?????????? ???????? ??? ???????? ????????? ?????????? ?????? ?????????????????????????????????????? ????????
??????????????????? ????????????????? ???????? ????????????? ????????????????????????????????????????
?????????????????????????????????????????????????????????
??????????????????????????????? ??????????? ??????????????? ???????????????????? ??????????????????????? ??????????
?????????????????????????????????? ?????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????
?????????????????????? ????????????????????????? ????? ?????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????????????????????
??????????
?????????????? ?????? ??? ??????? ????????????????? ??????????????? ??????????????????????????????????????????????
??????????????????????
?????????????? ?????????? ?????????????? ????????????????????????????????????????????????????????????????????
?????????????????? ??????????? ????????????????????????????????????????????? ?????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????






?????????? ???? ??????? ?? ????? ??????????????????????? ????????? ????????? ?????????? ?????? ????????? ??




??????? ??? ??????????? ????? ????? ????????? ???????????????????????????????? ???????????????????????????????
????????????????????????? ???????????????????????????????
???????????? ???????????????????????????????????????????????? ??????????????????????????? ???????????????
?????? ???????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????




DEPARTMENT OF GEOSCIENCES AND GEOGRAPHY A49
??????????? ??? ????????? ?????????????????????????? ? ??? ??????? ??? ??????????????? ?????????? ??????????
?? ???????????????????????????????? ??????????????????????????????? ??????????????????????????????????????
????????????????????????????????????????????????????????????????????????
?????????????????????????????????? ?????????????? ??? ?????????????????????????????????? ??????????????????
???????????????????????????????????????????????????????????????????????
?????????? ??? ????? ??????? ???????????? ????????????????? ????????? ????? ?????? ?????? ???????? ? ???????????
??????????
?????????? ??? ????? ????????? ????? ????????? ??? ???????????? ?????????? ?????????????????????????? ????????????
???????????????? ?????????????????????????????
?????????????????????????????????????????????????????? ????????????? ??? ??????????? ?????????? ???? ?????
???????????? ????????????????????????????????????????????????????????????????????????????????????????????
????????
?????????? ??? ????????? ???????????????????? ??????????? ??? ???? ????? ????????????? ???????????????? ???????
???????????????? ??? ???????????????? ???????????? ????? ????? ??? ????????????? ???????????????? ???????????
???????????????????????????
?????????? ??? ???????? ????????? ?????????????????????????????????????????????????????????????????? ?????????????
???????????????????????????????????????????????????????????????????????????????????




?????????????????????? ??????????????????????????????????? ?????????????????????????? ??????????????
??????????????????????????????????????????????????????????????? ????????????????????????
?????????? ??? ??????????? ????? ???????? ????????? ? ???????????? ???????????????? ???????????????????????????
?????????? ??????????????????????????? ????????????????????? ????????????????????????????????????????????
????????????? ??????????????????????????????????????????????????????????????????????
?????????? ?? ?? ??????? ?? ??????? ?? ???????? ?????? ??? ????? ????????????? ????????????????????????????????
?????????????????????????? ???????????????????????????????????? ??????????? ????????????? ???????????????????
????????????????????????????????????????????????????????????????????????????????????????????????
??????????????
??????????? ?????????????? ??? ?????????????? ????????????????? ?????????????????????????????????????????????
???????????????????????????????????????????







????????????????????? ???????? ????? ???????? ????????? ??????????????????????????????????????????????????????
????????????????????????????????????? ???????????????????????????????????????????????????????? ??????
?????????????? ????
??????????? ?????????????? ??????????????????? ??????????????????????????????????????????????????????





????????? ?????????????? ??????????? ???? ?????????? ???? ?????? ?????????? ??????????????? ????? ????????? ????
??????????????? ???????????????????????????????????????????????
???????????????????????????????????????????????????????????? ? ??????????????????? ?????????? ????????????
???? ????????????????????????? ???????????????? ????????????????????????????????????
??????????? ??? ?? ???? ??? ??????? ???????????? ??????????? ??????????????????????????????????????????????????
??????????????????????????????????????????????????????????????








????????????? ????????????? ????????????????????????????? ????????????????????????????????????
???????????????????????????????????????????????????????????????????????????? ????????????????????????????????????????
?????????????????????????????? ?? ???????????????????????







?????????? ??? ???????? ? ??? ??????? ????? ???????? ????? ??????? ??? ????? ?????????????????????????????????
????????????????????????????????????????????????????????????? ???????????????????????????????????????????
????????
?? ???????????????????? ???????????????????????? ??????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
???????????? ??? ?????? ??? ??????? ?? ??? ???????? ??? ?????? ??? ?????? ??? ?????????? ??? ?? ?????????? ????????
?? ??????????????????????????????????????????????????????????? ?????????????????????????????????????????
???????????????????????
??????????????????????????????????????????? ???????????????????????? ??????????? ?????????????????? ?????????
?????????????????????????????????????????????????????????????????????? ??????????????????????? ??????????
?????????????????????????????????????
??????????? ???????????????????????????? ?? ???????????????????????????????????????????????????? ????????????
???????????????????????????????????????????????????????????????????????
?????????????????? ????????? ???????? ??????????????????? ??????????????????????????????????? ?????????????
??????????? ?????? ????? ?????? ? ????????????????????????????????????????????????????????????????????????
???????? ???????????
?????????? ????? ????????????? ? ????????? ??????????????????? ????????????????????????????????????? ????????
??????????????????????????????????





??????????????????????????????? ????????????????? ??? ??????????? ???? ?????????????? ????????????? ??????????
????????????????????????????????????????????????????????
????????? ????? ?????????? ????? ????????? ????? ???? ??????? ????? ??????????? ????????? ???????????????????
??????????????????????????????????????????????????????????????????????????????????????????




????????? ????? ?????? ????? ???????? ? ??? ??????? ??????????? ??? ?????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????? ??????
????????????????????????????????????????????????????????????????????




??????? ??? ??? ?????? ? ??? ??????? ??? ??????????? ? ??? ????????? ??? ??????? ??? ?????????? ??? ??????
???? ?????? ???????????????????? ??????????????? ????? ????? ????????? ???????????? ????????????? ??????????
????????????????????????????????????
??????????? ???????????? ??? ???????????? ????????? ???????????????????????????????? ??????????????????????
???????? ????????? ?????????? ??????? ??????? ??? ??????????????????? ?????????? ????????? ??? ?????????
???????????????? ???????????????????? ??????????????????????????????????????????????????????????????????????????
????????????????????????????????????? ????????????????????????????????????????????
??????? ??????????????? ????????? ?????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????
64
DEPARTMENT OF GEOSCIENCES AND GEOGRAPHY A49
??????????????????????????????????????????????? ????????????????????? ???????????????????????????? ????
????????????????????????????????????????????????????????????
??????????????????????????????????? ????????????? ??????????????????????????? ???????????????????????????????
?????????????????????????????????????????????????????????????????




















?????????????????? ??????????????? ?? ??? ?? ?? ???? ??????? ???????? ?????????????????????????????????????????
???????? ???? ???????????????? ???? ?????? ??????????? ????????????? ?????????? ??? ???????? ?????????????????????
?????????????????????
???????????? ????????? ????????? ??????????????????????????????????????????????????????????? ???????????????????
????????????????????????????????????????????????????????????????????????????? ???????????????????????????????








??????????????????????? ????????????? ???????????????? ???????????????? ?????????????????????????? ????
??????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????? ???????????????????????????????????????????????????????? ?????????????
?????? ????????????????????????????????????????? ????????? ???????? ?????????????? ???????????? ???????
???????????????????????????????????????????





?????????????? ? ?????????????????????????????????? ??????????? ??? ?????????? ??? ????????? ? ????????? ?
?????????????????????????????????????????????????? ???????????????????????????????????????????????????????














??????????????????????????????????????????????????????? ???????????? ????????????????? ????????????????????




??????? ????? ???? ??? ??????? ????? ????????? ????? ????? ??? ?? ??????? ???????????????? ????????????????? ?
??????????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????















????????? ?????????????????????? ?????????????????????????????????????????????????????????????????????????? ???????




????? ?????????????????????????????????????????? ?????????????? ????????????????????????????? ?????????????
????????????????????????????????????????????
?????????????????? ??? ?????????? ??? ??????? ? ????????? ??????????????????????????????????????????????????????
??????????????????????????????????????????????????????
???????????????????????????????????????????????? ???????????????????????? ????????????????????? ? ???????????
???? ??????????????????????????????????????? ??????????????????????











?????????? ???????????????????????????????? ???????????????????????????????? ???????????????????????





DEPARTMENT OF GEOSCIENCES AND GEOGRAPHY A49
